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Problem Statement
• How can we best target the 
limited resources available 
for managing a large 
inventory of traffic signal 
systems to assist locations 
with the greatest need?
• How can an agency 
demonstrate accountability 
using measured system 




Probe Data Speeds and Travel Times
• Probe vehicle data has emerged as a method of obtaining an increased 
amount of information about roadway performance
• Commercial providers obtaining speed information from mobile devices 
(cell phones, GPS navigation devices, etc.)
• Studies have focused more on freeways to date, with a little exploration of 
arterials





























































06:00 70 67 69 69 67 65 65 65 66 65 65 71 66 70 67 65 58 11 47 53
06:01 70 70 70 72 67 68 66 65 68 65 65 68 66 70 67 65 55 11 55 63
06:02 69 70 70 73 69 68 65 64 68 69 66 66 64 69 67 65 55 9 51 59
06:03 71 67 70 73 70 68 67 67 68 69 66 65 64 69 67 65 46 8 57 57
06:04 71 67 70 73 71 69 67 67 68 69 66 68 64 69 67 65 46 8 57 57
06:05 69 67 69 73 70 71 69 67 67 69 66 68 64 68 67 65 20 7 58 57
06:06 68 66 69 73 70 71 69 67 67 67 66 68 64 66 67 65 20 6 52 56
06:07 68 65 68 73 70 71 70 68 67 67 66 68 64 66 65 65 18 6 53 60
06:08 69 65 67 73 70 71 70 71 69 67 66 67 64 66 61 65 20 6 53 60
06:09 70 66 67 71 70 71 70 71 69 68 67 67 64 66 60 67 17 5 53 60
06:10 70 66 67 67 70 71 70 71 69 68 67 67 64 66 59 61 15 5 57 65
06:11 70 66 67 67 68 71 68 71 69 68 67 67 65 66 59 62 14 5 57 64
06:12 70 66 66 67 67 71 67 69 69 68 67 67 67 66 59 62 14 8 62 64
06:13 70 66 66 67 67 72 67 69 69 68 67 67 67 66 60 62 14 5 62 62
06:14 70 65 66 67 67 67 67 67 68 68 67 67 67 67 59 60 14 5 62 62
06:15 69 65 66 66 66 67 68 67 67 67 67 67 67 66 59 59 11 4 62 62
06:16 70 65 66 67 66 67 68 69 68 67 67 67 67 67 62 57 40 3 62 62
06:17 70 66 66 67 66 67 69 69 67 68 67 67 67 67 64 55 39 3 63 60
06:18 65 65 66 67 68 67 69 69 69 67 66 67 67 67 61 43 34 4 63 64
06:19 65 65 66 67 68 68 69 69 70 70 67 68 67 67 61 42 34 4 63 64
06:20 65 65 66 67 70 68 68 69 70 70 67 68 67 67 63 31 33 5 55 57
06:21 65 65 66 67 72 68 68 69 70 71 73 70 66 66 63 26 29 4 55 57
06:22 65 65 66 67 72 68 69 69 70 71 73 72 66 66 61 26 29 5 55 57
06:23 65 65 65 67 72 68 71 69 70 71 73 72 70 67 62 23 28 3 46 54
06:24 65 67 72 68 71 71 70 71 73 72 70 67 62 23 27 3 56 56
06:25 67 65 66 66 72 68 71 72 71 71 73 72 70 68 62 18 19 3 56 55
06:26 67 65 65 66 72 74 71 72 72 71 73 72 70 69 63 16 16 3 56 56
06:27 67 64 65 66 72 74 71 72 72 71 73 72 70 69 63 15 14 4 20 55
06:28 67 64 65 66 72 72 72 72 73 74 75 72 67 69 62 8 7 4 20 55
06:29 67 64 65 66 73 71 68 72 73 74 75 73 67 69 62 17 9 4 30 55
06:30 66 64 65 64 73 71 68 73 73 75 75 73 67 69 64 19 9 4 32 55











Can we use the data set to analyze
Indiana’s arterial performance as well?
• INDOT currently has a 
relationship with the data 
vendor to supply data for the 
entire interstate system and 
selected priority arterials
• Desirable to leverage the 
existing data to fulfill need 
for analyzing arterial 
performance statewide























































































1:00-2:00 7:00-8:00 13:00-14:00 17:00-18:00
Freeway Section
Arterial Section
Data Quality Observations and Recommendations
Young, S. “Use of Probe and Bluetooth Data for 
Arterial Performance Measures in the I-95 
Corridor Coalition.” Presented at the NATMEC 
Workshop on Arterial Data and Performance 
Monitoring, Chicago, IL, June 2014.
Wang, Y., B.N. Araghi, Y. Malinovskiy, J. Corey, and T. Cheng. 
Error Assessment for Emerging Traffic Data Collection Devices. 
Report WA-RD 810.1, Pacific Northwest Transportation 
Consortium, University of Washington, 2014.
I-95 Corridor Coalition Recommendations
for Probe Data on Arterials
Young, S. “Use of Probe and Bluetooth Data for Arterial 
Performance Measures in the I-95 Corridor Coalition.” 
Presented at the NATMEC Workshop on Arterial Data 
and Performance Monitoring, Chicago, IL, June 2014.
The selected INDOT 
arterials generally fall 
into these categories 
(with some having a 
higher density of traffic 
signals)
Typical arterial segment definitions:












• Come up with an index to 
rank the inventory of 
arterials according to their 
performance
• The index should take into 
account both the “overall” 
performance and its 
reliability
• 28 arterial sections selected 
for initial pilot study
Initial Data Processing
• Data is minute-by-minute average speed on each segment
• Archived data is downloaded in batch processes at regular intervals
– This has now moved to real time
• INDOT contract for the data specifies No data “smoothing”
– No data means no entry for that minute
• Speeds are sorted into 15-minute bins for further analysis
– Mitigate effect of occasional missing minutes
– Average value for each 15-minute bin used in this case







Normalization of Arterial Sections
SR 37, Martinsville, IN
7.5 Miles
55 mph speed limit
SR 931, Kokomo, IN
17.1 Miles
45 mph speed limit
























Time of  Day
SR 931 - SB SR 931 - NB SR 37 - SB SR 37 - NB
Speed Limit TT = 10.8 min
Speed Limit TT = 4.2 min























       
Southbound SR 9
Greenfield, IN
Distance = 2.3 mi
Speed limit = 45 mph
Ideal rate = 1.33 min/mi
Southbound SR 37
Bloomington, IN
Distance = 8.4 mi
Speed limit = 55 mph
Ideal rate = 1.09 min/mi
Southbound SR 931
Kokomo, IN
Distance = 8.5 mi
Speed limit = 50 mph
ideal rate = 1.20 min/mi
Wednesdays, February 2014, AM Peak














This method was 
selected in order to be 
able to compare routes 

























Time of  Day
SR 931 - SB SR 931 - NB SR 37 - SB SR 37 - NB
Speed Limit TT = 10.8 min

























Time of  Day
SR 931 - SB SR 931 - NB SR 37 - SB SR 37 - NB






















15-minute bin average travel times for the first 
6 months of 2014 (Wednesdays only)
We also want to take the 
reliability (spread of the data) 
into account


























Time of  Day
SR 931 - SB SR 931 - NB SR 37 - SB SR 37 - NB






















Time of  Day




Ideal travel time (from speed 
limit and link distance)
Time-of-Day (TOD) Analysis








Ranking of Arterials – Two Performance Measures
(AM Peak)
80% 100% 120% 140% 160%






US 36 Indianapolis East
US 36 Indianapolis West
US 50 Lawrenceburg
US 31 Indianapolis South
SR 135 Indianapolis …
US 40 Indianapolis West
US 41 Hammond
US 30 Lake County
SR 37 Indianapolis South
US 52 Indianapolis East
US 24 Fort Wayne
SR 267 Hendricks County




US 40 Indianapolis East
US 30 Columbia City
SR 3 Fort Wayne
US 35 La Porte
US 41 Terre Haute
SR 37 Bloomington
Observed TT / Speed Limit TT
0% 10% 20% 30% 40%
US 31 Westfield
SR 37 Indianapolis North
US 30 Columbia City
SR 9 Greenfield
US 24 Fort Wayne
SR 37 Indianapolis South
SR 32 Westfield
US 36 Indianapolis East
US 41 Schererville
US 36 Indianapolis West
US 41 Hammond
US 30 Lake County
US 31 Carmel
SR 3 Fort Wayne
US 31 Indianapolis South
US 41 Terre Haute
SR 135 Indianapolis South
US 50 Lawrenceburg
US 52 Indianapolis East




US 35 La Porte
US 40 Indianapolis West
SR 267 Hendricks County
US 40 Indianapolis East
SR 37 Bloomington
St. Dev. of  TT / Speed Limit TT








Ranking of Arterials – Two Performance Measures
(PM Peak)






US 36 Indianapolis West
SR 37 Indianapolis North
US 50 Lawrenceburg
US 31 Indianapolis South
US 36 Indianapolis East
US 30 Lake County
SR 135 Indianapolis …
US 40 Indianapolis West
SR 32 Westfield
SR 66 Evansville
US 52 Indianapolis East
US 41 Terre Haute
SR 267 Hendricks County
SR 37 Indianapolis South
US 27 Fort Wayne
US 30 Columbia City
SR 37 Martinsville
SR 931 Kokomo
US 40 Indianapolis East
US 24 Fort Wayne
US 35 La Porte
SR 3 Fort Wayne
SR 37 Bloomington
Observed TT / Speed Limit TT
0% 10% 20% 30% 40%
US 31 Westfield
SR 9 Greenfield




SR 37 Indianapolis North
US 36 Indianapolis West
SR 32 Westfield
US 36 Indianapolis East
US 31 Indianapolis South
US 41 Schererville
SR 135 Indianapolis South
SR 37 Indianapolis South
US 41 Terre Haute
US 40 Indianapolis West
US 30 Lake County
SR 66 Evansville
US 52 Indianapolis East
SR 267 Hendricks County
SR 37 Martinsville
SR 931 Kokomo
US 27 Fort Wayne
SR 3 Fort Wayne
US 35 La Porte
SR 37 Bloomington
US 40 Indianapolis East
US 24 Fort Wayne
St. Dev. of  TT / Speed Limit TT



































Normalized Central Tendency (Average) of Travel Time
 
 
      
> 1.5 mi
1.0 mi -- 1.5 mi
0.5 mi -- 1.0 mi




































































      
> 1.5 mi
1.0 mi -- 1.5 mi
0.5 mi -- 1.0 mi





• Variability (i.e., lack of reliability) 
increases as the central tendency 
increases
• Greater spacing of traffic signals 
roughly correlates with lower 
variability and relative travel times 
closer to ideal
Composite Index
• Euclidean distance 
from “ideal conditions”
• Weighting factor w
related to the value of 
travel time reliability



























Normalized Central Tendency (Average) of Travel Time




(ideal travel time and 
perfect reliability)


















• January 2014 through 
August 2014
• 6:00—19:00
Results for 28 selected arterials
Arterial Section 









Tx′  Ts′  
 
Tx′  Ts′  
 
Tx′  Ts′  
SR 9 Greenfield 1.25 0.17  1.42 0.26  1.39 0.24 29.8 49.1 45.9 41.6 
SR 37 Indianapolis North 1.35 0.19  1.33 0.17  1.35 0.21 39.7 37.3 41.4 39.4 
US 31 Carmel 1.33 0.14  1.33 0.17  1.37 0.23 35.7 36.9 43.6 38.7 
US 41 Schererville 1.28 0.15  1.33 0.15  1.39 0.18 38.7 35.4 41.9 38.6 
US 31 Westfield 1.31 0.23  1.29 0.21  1.32 0.27 31.9 35.9 43.4 37.1 
US 36 Indianapolis West 1.24 0.14  1.32 0.15  1.37 0.21 28.4 35.1 42.4 35.3 
US 41 Hammond 1.18 0.15  1.32 0.17  1.38 0.20 23.3 36.3 42.9 34.2 
US 36 Indianapolis East 1.27 0.16  1.30 0.15  1.30 0.18 31.0 33.9 35.1 33.3 
US 50 Lawrenceburg 1.24 0.12  1.29 0.12  1.32 0.19 26.9 31.8 37.5 32.1 
US 31 Indianapolis South 1.23 0.13  1.30 0.14  1.31 0.17 26.7 33.3 35.1 31.7 
US 30 Lake County 1.20 0.13  1.27 0.13  1.29 0.12 23.8 29.9 31.3 28.3 
SR 135 Indianapolis South 1.22 0.12  1.26 0.11  1.27 0.16 24.6 27.8 31.5 28.0 
US 40 Indianapolis West 1.21 0.09  1.24 0.09  1.26 0.12 22.6 25.8 28.7 25.7 
SR 66 Evansville 1.12 0.10  1.17 0.10  1.19 0.11 17.5 27.2 25.6 23.4 
SR 267 Hendricks County 1.13 0.09  1.16 0.09  1.15 0.11 15.2 20.3 21.7 19.1 
US 52 Indianapolis East 1.15 0.11  1.13 0.10  1.13 0.10 18.6 18.1 19.3 18.7 
SR 931 Kokomo 1.12 0.10  1.16 0.10  1.13 0.11 15.7 18.2 18.4 17.4 
US 27 Fort Wayne 1.13 0.11  1.14 0.09  1.13 0.09 18.9 16.5 16.6 17.3 
SR 32 Westfield 1.13 0.14  1.13 0.13  1.13 0.14 15.5 19.0 16.5 17.0 
US 24 Fort Wayne 1.15 0.16  1.12 0.11  1.09 0.09 11.9 21.0 18.0 17.0 
US 40 Indianapolis East 1.10 0.09  1.14 0.09  1.12 0.09 21.7 15.9 12.8 16.8 
SR 37 Indianapolis South 1.12 0.13  1.09 0.09  1.14 0.13 17.8 12.6 18.6 16.3 
SR 37 Martinsville 1.09 0.11  1.12 0.13  1.11 0.10 16.4 16.6 15.9 16.3 
US 30 Columbia City 1.05 0.17  1.11 0.25  1.11 0.23 14.1 17.5 14.7 15.4 
US 41 Terre Haute 1.03 0.12  1.15 0.15  1.13 0.13 13.2 16.4 14.7 14.8 
SR 3 Fort Wayne 1.06 0.13  1.07 0.11  1.06 0.09 14.0 12.5 11.1 12.5 
US 35 La Porte 1.05 0.09  1.03 0.07  1.05 0.08 9.9 7.9 9.9 9.2 
SR 37 Bloomington 0.92 0.07  0.91 0.06  0.92 0.08 6.9 6.2 8.1 7.1 
 
Tx′s

































































1.0 mi – 1.5 mi
0.5 mi – 1.0 mi
0.33 mi – 0.5 mi
< 0.33 mi
Spacing of Signals on 
the Arterial Segment












• Transition to higher spatial 
resolution data (more uniform 
segment definitions)
• Fully index arterial routes to 
expand coverage from selected 
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